Background: Abdominal tuberculosis (TB) is endemic in the developing world and is reemerging in the West. Since computed tomography (CT) has the ability to demonstrate changes in the peritonium, mesentry, lymphnodes, bowel and solid organs and is being increasingly used for primary evaluation of abdominal conditions, it is important to be familiar with the CT features of the disease.
Background
Tuberculosis (TB) is a re emerging global emergency which is further complicated by AIDS/HIV infection and the use of immunosuppressant drugs [1] . The disease may involve any body system and in the abdomen it can mimic many conditions, like inflammatory bowel disease, malignancy and other infectious diseases [2] [3] [4] . Untreated or delayed treatment can result in life long morbid complications. It is therefore necessary to recognize the disease early and initiate treatment for this curable disease. Abdominal TB may present varying imaging features depending upon the organs involved. CT offers the unique ability to image the entire abdominal structures in a single examination and is widely available. It is therefore important to be familiar with the CT features of the disease and its complications. Our retrospective study describes the CT features of abdominal TB in 49 proven cases.
Methods
Between April 1982 and February 2002, 49 consecutive patients with proven abdominal TB who had CT scans of the abdomen as part of their diagnostic work up were re-viewed. There were 37 males and 12 females, with age range of 10 to 78 years (mean age 35.27 years). The scans were independently reviewed by 2 radiologists and any disagreement in findings was resolved by combine review of the scans and a consensus reached. The diagnosis was established on the basis of at least one of the following criteria: The case records were analysed according to age, sex, nationality clinical presentation and CT findings. Immunocompromised and AIDS/HIV patients were not included in the study. Genitourinary TB was also excluded except in those cases with co-existing abdominal lymphadenopathy.
Results
The majority (63.26%) of the patients were non-Kuwaitis. The symptoms of these patients on presentation are shown in Table 1 . The common sites of involvement are shown in table 2. CT analysis of the pattern of abdominal TB revealed peritoneal involvement in 38/49 (77.5%) cases and was classified as "wet peritonitis" defined as free or loculated ascites of large or small volume, depending upon the depth of ascites (whether more or less than 3 cm respectively; Figs 1 &2) or "dry peritonitis" represented by peritoneal mesenteric or omental thickening or mass but without ascites (Fig 3) . Wet peritonitis [21/38 cases (52.3%)] and the the "dry" type [17/38 (45.7%)] were both commonly seen. The details regarding the "free" and "loculated" nature and the volume of ascites (i.e. small or large), is shown in table 3. The pattern of mesenteric and omental disease with or without ascites revealed that stranding of the mesenteric fat (18 cases; 47.3%) and omental thickening (9 cases; 23.6%) (Fig 3 and Fig 4) was more common than mesenteric or omental mass (3 cases; 7.8%) Fig. 1 .
Lymphnode involvement was detected in 23/49 (46.9%) patients of whom 11 cases (47.8%) had diffuse involvement throughout the abdomen [ Fig. 5 ]. Localised or regional adenopathy was seen in several sites including mesentric (6/23; 26%) peripancreatic/portal (3/23, 13%) and para aortic (3/23; 13%) ( Table 4) . GIT disease was noted in 19/49 (38.7%) cases. Majority of the cases (17/ 20; 86.8%) involved the small bowel, with or without the caecum. (Table 5) showing strictures and thickening of the bowel wall [Figs. 4 &6] . Isolated large bowel disease was less frequent (2/19 cases; 10.5%). Perforation of the gut was seen in 3 cases, 2 of the large bowel leading to a parietal abscess in 1 patient [ Fig. 6 ] and hydropneumoperitomium in the other. The third case was a perforating tuberculous gastric ulcer, resulting in an inflammatory mass of the lesser sac and the pancreas [ Fig. 7 ]. Vesico-colic fistula was seen in 1 case. The solid organ disease occurred in 10/49 cases (20.4%) and the distribution is shown in Table 6 . The liver and spleen involvement was seen as multi focal hypodense lesions [ Fig. 8 and Fig. 9 ] where as the pancreas showed focal absecess, one of which was due to direct involvement from perforating TB gastric ulcer [Fig. 7] . A combination of these findings was seen in 21/49 cases (42,8 %) involving more than one system in varying combination.
Discussion
The causative organism for abdominal TB is usually mycobacterium tuberculosis or mycobacterium avium -intracellularie, the latter being more common in immunocompromised hosts [5] . Abdominal TB is usually caused by injestion of bacilli in infected sputum or contaminated food. The bacilli cause caseation necrosis in the intestine, followed by spread to the mesenteric lymph nodes that 
Figure 4
Circumferencial thickening of the caecum and narrowing of the terminal ilium. Also note mesenteric strands and omental thickening. taken for a tumour. In our series, peritonitis was equally likely to be either of the wet or dry type and the ascites (both free and loculated) was more commonly large volume. Isolated omental disease was not seen in any of our cases, though the omentum was involved in a vast majority of our cases in combination with other features of the disease. Ascites in abdominal TB can be due to an earlier transudate stage of immune reaction or due to late cell
Figure 5
Necrotic lymph nodes with lucent center seen in the (a) portal/peri pancreatic region (arrow) and (b) para-aortic area. mediated immunity when the fluid is complex with strands, septation and debris [9] . Unlike US the complex nature of the ascites is difficult to demonstrate by CT, [12] however CT is useful in determining the density of the ascitic fluid which is reported to be high; presumably due to the complex nature of the fluid. The high density nature of the fluid is reported by some authors [13, 14] as specific for TB where as other [15] suggest that it is not a reliable factor and can overlap with peritoneal carcinomatosis. The differential diagnosis of complex ascites includes wide spread lymphoma and carcinomatous as well as pyogenic peritonitis [14] . Mesenteric disease is an important and common manifestation of early stage abdominal TB [16] . The mesentery is initially thickened with a few discrete lymph nodes interspersed within it and, the later stage mesenteric disease represents irregular inflammatory masses of caseating lymph nodes [16] . CT offers the distinct advantage of demonstrating these features unlike US where the bowel gas may prevent adequate visualization of the mesentry [17] .
Abdominal lymph adenopathy commonly involves mesenteric, portal and peripancreatic sites reflecting the lymphatic drainage of the small bowel [5] . The retroperitoneal lymph nodes are relatively spared [16] and their involvement rarely occurs in isolation. In disseminated TB however diffuse lymphadenopathy without prelidiction to any site may be seen, though the retroperitoneal node's size is out of proportion to the lymph adenopathy elsewhere in the abdomen [6] . The nodes are usually matted together with hypodence centers which probably is due to caseation and many occasionally contain calcification [18, 19] . Lymphnode enlargement is non specific and occurs in metastatic disease, lymphoma Whipple's disease and pyogenic infection [20] . In our series 47% of patients had a lympadenopathy pattern similar to that reported by others [6] . Central necrosis with rim enhancement, though not pathognomonic, is a useful sign and readily seen in the current generation of CT scanners.
The commonest sites of gastro intestinal tract TB are terminal ileum and cecum [21] [22] [23] [24] . Other sites in which the disease occurs are, in descending order of frequency, the ileum, cecum, ascending colon, jejunum, other parts of colon, rectum, duodenum and stomach [25] . GIT TB may be ulcerative type, hyperplastic type or a combination of
Figure 7
CT of the upper abdomen showing large necrotic inflammatory mass in the lesser sac and involving the pancreas. This was due to perforating gastric TB ulcer.
Figure 8
CT of the upper abdomen showing multiple focal hypodense lesions in the liver.
Figure 9
CT of the upper abdomen focal lesions in the spleen. Note associated para aortic nodes (arrows).
the two. The ileo-cecal TB is often hyperplastic type [26] .
In early stage disease a few regional nodes and circumferencial thickening of the wall of the cecum and terminal ileum are seen. In later stages of the disease the ileocecal value and adjacent medial wall of the cecum are predominently and symmetrically thickened. These changes are however nonspecific and may also be seen in cecal carcinoma, Crohn's disease, lymphoma and amebiasis. In advanced ileocecal disease gross wall thickening, adherent small bowel loops, large regional lymphnodes and exophytic mesenteric thickening together from a complex mass of varied density, which is characteristic of CT appearance of TB and is reproted to be seen in 45% of the cases [22] . Isolated colonic, duodenal and gastric TB are rare [25] . There was one case of gastric TB in our study. Although mucosal changes are best evaluated by barium examinations, evidence of extramucosal disease is both indirect and incomplete and CT is valuable in evaluating directly the extramucosal component of the disease.
Visceral TB is rarely seen in isolation and is more frequently part of multifocal or disseminated disease [9, 11, 27, 28] . Liver and spleen are the main organs involved and their involvement can occur in the form of micro abscesses in miliary TB, pattern represented by CT as diffuse low density focal lesions, or in the form of larger abscesses [29, 30] . Often the only feature of visceral TB is organomegaly with calcified granulomas visible in the late stage disease or after healing. Pancreatic TB is rare and may result from either hematogenous dissemination or direct spread of the disease from adjacent nodes. There were 2 cases of pancreatic TB in our series, one of them was due to direct spread from a penetrating tuberculous gastric ulcer. Two more cases of perforations of large bowel was seen in our study, one in the ascending colon presenting as a parietal abscess and other in the colon leading to hydropneumoperitonim and peritonitis. One case of vesico-colic fistula was also seen which presented as pneumoturia.
Conclusions
Manifestations of TB in the abdomen are variable. CT reliably demonstrates the entire range of findings. Although no single CT feature is diagnostic of the disease, CT findings, interpreted in the light of clinical and laboratory data can be a valuable tool in the diagnosis of abdominal tuberculosis.
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